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Abstract: In Pakistan, quality assurance of re-bars is practically non-existent and there is no generally accepted testing 
method for testing of re-bars. Steel re-bars of Grade 60 are exclusively used in Pakistan; however production of high 
strength re-bars has recently started. In this study, thirty samples of steel re-bars of Grade 60 and thirty samples of Grade 
72.5 were tested using ASTM standard testing protocol to obtain the stress-strain curves and comparisons were made 
between the experimental results of Grade 60 and Grade 72.5 re-bars. It can be concluded that Grade 72.5 steel shows less 
deformation capacity as compared to Grade 60 steel. For Grade 60 re-bars, the yield strengths of all individual re-bars 
were much higher than the prescribed minimum yield strength, i.e. 60 ksi. For the Grade 72.5 re- bars, about 50 % of the 
re-bars did not reach the prescribed minimum yield strength of 72.5 ksi. 

The experimental curves were then compared with an idealized stress-strain curve developed by using a fractional 
equation. It is recommended that instead of producing Grade 72.5 ksi reinforcing bars, the traditional ASTM Grade 75 
reinforcing bars be produced. 
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There are number of standards which cover the testing of re-bars in Pakistan. These include; ASTM Standards [1], 
BS Standards [2], ISO Standards [3] and PS Standard [4]. Pakistan Standards and Quality Control Authority (PSQCA) has 
adopted a slightly revised/modified version of BS 4449-2005 [2] standard and this standard is PS-1612-2007 [4]. The 
contents of PS-1612-2007 [4] are essentially the same as BS 4449-2005 [2]. For quality assurance, some agencies prefer to 
use portions of ASTM A615 [1] test standards and portions of BS 4449-1997 or BS 4449-2005 test standards. The use of 
portions of one standard and portions of the other standards is not technically correct and should not be permitted. A 
summary of the review of the standards [1-4] is presented in Table 1. 

In Pakistan, steel bars are manufactured using variety of sources. Steel re -bars manufactured from ship scrap 
materials are likely not to exhibit adequate deformation capacity or ductility. This study was initiated to develop a standard 
testing protocol to be adopted in Pakistan for standardized testing of re -bars in Pakistan. Evaluation of testing protocol at 
facility of one re -bar manufacturer and one academic institution was conducted. With slight modification, the testing 
protocol at NED University of Engineering and technology (NEDUET) Materials Testing Laboratory was made in 
conformance with ASTM A615 Standard [1]. It is recommended that one internationally recognized test standard should be 
adopted and used in Pakistan for the testing and quality assurance of re -bars. 

Using ASTM A615 [1] testing protocol, thirty samples of #5 bars, (16 mm) of Grade 60 re -bars and thirty samples 
of #5 bars, (16 mm) Grade 72.5 re -bars were tested and stress-strain curves were obtained. Grade 72.5 re-bars shows less 
deformation capacity as compared to Grade 60 re -bar steel. The experimental results were compared with idealized 
analytical stress-strain curve of Grade 60 (420 MPa) and Grade 72.5 (500 MPa) reinforcing bars developed by Ahmad [6, 
10]. It is recommended that instead of producing Grade 72.5 ksi reinforcing bars, the traditional ASTM Grade 75 
reinforcing bars be produced. 



In the preliminary study, an evaluation of testing protocol at facility of one manufacturer and one academic 
institution was conducted. For conformance with ASTM A615 Standard [1], a slight modification (adjustment in the rate of 
loading), was made in the testing protocol at NEDUET Materials Testing Laboratory. 

Using the ASTM A615 Standard [1] and ASTM A370 [5] testing procedure, tension tests were performed for 60 
samples of deformed steel re -bars. The size of bars was taken as #5 (16 mm). Thirty samples were of Grade 60 (420 MPa) 
rebars and thirty samples were of high strength, Grade 72.5 (500 MPa) re-bars. These tests were performed in the Material 
testing laboratory of NEDUET. A Universal Testing Machine of 50 tons capacity and an Extensometer were used for the 
tests. All the samples were cut for the required length of about 24 in (600 mm). 

The tests were performed at two rates of loading, 10 mm/min (0.4 in/min) up to one half of the yield point and then 
rate of loading was reduced to 1.5 mm/min. (1/16 in/min) up to or near yielding. This rate of loading was maintained until 
the yield point, after which the rate of loading was increased to 10 mm/min (0.4 in/min) until rupture of the specimen 
(ASTM testing method A 370 [5]). 



I. Introduction 



II. Experimental Program 
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2.1 Results 

Test results of tension tests on Grade 60 #5 (16 mm) re-bars are shown in Table 2 and it can be observed that all of 
the bars show yield strength much higher than the prescribed minimum yield strength, i.e. 60 ksi. The average yield value of 
30 samples is 77.2 ksi which is substantially higher than specified yield strength of 60 ksi. Stress-strain curves for 30 
samples of Grade 60 #5 (16 mm) re-bars are shown in Figure 1. 

Test results of tension tests on Grade 72.5 deformed bars #5 (16 mm) are shown in Table 3 and it can be observed 
that about 50 % of the bars do not reach the prescribed minimum yield strength of 72.5 ksi. The average yield value of 30 
samples is 72.7 ksi which is just above the specified yield strength of 72.5 ksi. Stress-strain curves for 30 samples of Grade 
72.5 re-bars are shown in Figure 2. 

2.1.1 Control points of stress-strain curve and Idealized stress-strain Curves 

For the development of idealized analytical stress-strain curve of steel re-bars, five (5) control points are used. 
Figure 3 shows the control points for an experimental stress strain curve. Using the coordinates of the control points, 
calibrated by Ahmad [6, 10] for about 2000 samples and the fractional equation developed by Ahmad [6, 10], idealized 
stress-strain curves for Grade 60 re -bars and Grade 72.5 re-bars are developed. These idealized analytical stress-strain 
curves are compared with the experimental stress-strain curves. 

2.1.2 Average Experimental stress strain curve 

The control points from test results of thirty samples of Grade 60 and thirty samples of Grade 72.5 re-bar (High 
strength) were averaged and the average values of the control points were obtained. Table 4 shows the average values of the 
experimental control points for Grade 60 re-bars of #5(16 mm) and Table 5 shows the average values of the experimental 
control points for Grade 72.5 re-bars of #5(16 mm). 

Figure 4 shows the average stress-strain curve of Grade 60 #5 bars using control points of Table 4 and Figure 5 
shows the average stress-strain curve of Grade 72.5 #5 bars using control points of Table 5. 

2.1.3 Comparison of Average Experimental and Idealized stress strain curves 

The comparison of experimental average and idealized analytical stress strain curve of Grade 60 re -bars (Figure 6) 
shows that ultimate tensile stress in the idealized stress strain curve is higher than that obtained experimentally. The 
deformation capacity of the re -bars tested is adequate with a strain of 0.218 %. The strain capacity in the idealized curve is 
0.15%. 

The comparison of experimental average and idealized analytical stress strain curve of Grade 72.5 re-bars (Figure7) 
shows that ultimate tensile stress in the idealized stress strain curve is higher than that obtained experimentally. The 
deformation capacity of the re -bars tested is adequate with a strain of 0.133 %. The strain capacity in the idealized curve is 

0. 125 %. 

III. Conclusions and Recomendations 

On the basis of the results, the following conclusions can be drawn: 

1. The deformation capacity of Grade 72.5 re -bars is less as compared to that of Grade 60 re -bars. 

2. For Grade 60 re-bars, the yield strengths of all individual re-bars were much higher than the prescribed minimum yield 
strength of 60 ksi and the average yield value of 30 samples is 77.2 ksi which is substantially higher than specified yield 
strength of 60 ksi. 

3. For the Grade 72.5 re- bars, about 50 % of the re -bars did not reach the prescribed minimum yield strength of 72.5 ksi 
and the average yield value of 30 samples is 72.7 ksi which is just above the specified yield strength of 72.5 ksi. 

The following recommendations are made: 

1. One internationally recognized standard, preferably ASTM A615 should be adopted and used in Pakistan for the testing 
and quality assurance of re -bars 

2. Instead of Grade 72.5 re bars, Grade 75 re-bars as per ASTM A615 should be manufactured in Pakistan. 
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Table 1: Comparison of Existing Standards 



No. 


Item 


ASTM A615 [1] 


BS 4449-2005[2] 


ISO 6935-2:2007(E)[3] 


1 


Scope 


Covers both deformed and 


Covers only deformed 


This Standard contains technical 






plain carbon steel bars. 


bars of grade 72.5 (500 


requirements for ten grades of 






Standard is for grade 40 


MPa) 


ribbed (deformed) steel bars 






(280 MPa), grade 60 (420 




from grade 43(300 MPa) to 






MPa) and grade 75 (520 




grade 72 (500 MPa) strengths 






MPa) 




and different ductility levels. 


2 


Manufacture 


Standard specifically 


The manufacturing 


The manufacturing process is at 






requires the use of electric 
furnace, basic oxygen or 


process is at the 
discretion of the 


the discretion of the 
manufacturer. 






open hearth process 


manufacturer, but it 
should be reported to the 
purchaser. 




3 


Chemical 


Phosphorous content 


It states that values of 


It is same as BS 4449-2005 [2]. 




composition 


should not exceed 0.06%. 


individual elements, 
namely Carbon, Sulphur, 
Phosphorous, Nitrogen 
and Copper should not 
exceed certain limits. A 
value of Carbon 
equivalent content 
should also be calculated 

and checked against 
values given in Table 2 ( 
BS 4449-2005 [2]) 




4 


Tensile 


Elongation of 8 in 


It states that ratio of 


It is similar to BS 4449-2005 [2] 




Requirement 


(200mm) gauge length is 
tested and checked in 
percentage of original 
length and compared with 
the elongations given in 
Table 2 (ASTM A615 
[1]. For grade 40(280 
MPa) and 60(420 MPa), 
yield point is taken at a 
strain of 0.5 % and for 
grade 75(520 MPa) steel, 
yield point is taken at a 
strain of 0.35%. 


tensile /yield strength 
and total elongations 
must be in accordance 
with Table 4 BS 4449- 
2005 [2]). Determine 
yield strength from 0.2% 
proof strength if a yield 
phenomenon is not 
present. 


except that it includes more 
grades for bars. 


5 


Bending 


The angle of bend should 


It is bent up to 90°, aged 


The test piece is tested for 




requirement 


be 1 80° unless otherwise 


and then bent back to 


bending over a mandrel to an 






specified. 


20°. 


angle 160° to 180°. 






Test is performed at room 


Test temperature is 10°- 


Test temperature and rate of 






temperature. Rate of 


35° and rate of bending 


bending are same as BS 4449 [2] 






bending is not specified. 


is 60 7s. 




6 


permissible 


Only 6% variation is 


±4.5% on nominal 


Permissible deviation is ±4% to 




variation in 


allowed. 


diameter greater than 


±8%, depending upon the 




weight(mass) 




0.32 inch(8mm) and 
±6% on nominal 
diameter of bar less than 
0.32in(8mm). 


diameter of the bar. 


7 


Gauge Length 
of specimen 


8 inch (200mm). 


5 x diameter of bar 


5 x diameter of bar 
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Table 2: Test results of tension tests on Grade 60 defui nied bars #? (16 mm) re-bar; 
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Table 3: Test results of tension tests on Grade deformed bars v? (16 mm) i e-bai'5 
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Table 4: Average experimental control points for Grade 60 re-bars of #5(16 mm) 



Point 


Stress (ksi) 


Strain (in/in) 


1 .Origin 


0 


0 


2. Yield point f y 


77.22 


0.00271 


3. Onset of Strain hardening f sh 


80.05 


0.02240 


4. Ultimate Point f u 


95.10 


0.11400 


5. Fracture point f r 


64.86 


0.21800 


Table 5: Average experimental control points for Grade 72.5 re-bars of #5(16 mm) 


Point 


Stress (ksi) 


Strain (in/in) 


1 .Origin 


0 


0 


2. Yield point f y 


72.74 


0.00214 


3. Onset of Strain hardening f sh 


77.83 


0.00840 


4. Ultimate Point f u 


86.28 


0.08800 


5. Fracture point f r 


60.28 


0.13300 
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no. 
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Fig. 1: Stress-strain curves for 30 samples of Grade 60 #5 (16 mm) re -bars 
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Fig. 2: Stress-strain curves for 30 samples of Grade 72.5 re -bars 
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4, Ultimate Tensile strength 



5. Fracture point 
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Fig. 3: Control points for an experimental average stress strain curve and idealized stress-strain 
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Experimental average stress-strain 
curve for Grade 60 re-bar steel 
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Fig.4: Experimental average stress-strain curve of Grade 60 #5 bars using control points of Table 4 
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Fig. 5: Experimental average stress-strain curve of Grade 72.5 #5 bars using control points of Table 5 
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Fig. 6: Comparison of experimental average and idealized analytical stress-strain curve of Grade 60 re-bar 
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Fig. 7: Comparison of experimental average and idealized analytical stress-strain curve of Grade 72.5 re-bar 
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